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Abstract. MicroRNAs (miRNAs/miRs) have been reported to 
be associated with the tumorigenesis and progression of various 
types of human cancer; however, the underlying mechanisms 
of this association remain unclear. The aim of the present 
study was to explore the potential functions of miRNAs in the 
development of breast cancer using bioinformatics analysis, 
based on the miRNA expression profile in nipple discharge. 
A previous study demonstrated the upregulation of miR‑3646 
and miR‑4484, and the downregulation of miR‑4732‑5p in the 
nipple discharge of patients with breast cancer, compared with 
patients with benign breast lesions. In the present study, the 
target genes of miR‑3646, ‑4484 and ‑4732‑5p were predicted 
using TargetScan and the MicroRNA Target Prediction 
and Functional Study Database. The predicted target genes 
were further analyzed by Gene Ontology term enrichment 
analysis, Kyoto Encyclopedia of Genes and Genomes pathway 
enrichment analysis and protein‑protein interaction analysis. 
Numerous carcinoma‑associated genes, including ADIPOQ, 
CPEB1, DNAJB4, EIF4E, APP and BCLAF1, were revealed 
to be putative targets of miR‑3646, ‑4484 and ‑4732‑5p. 
Bioinformatics analysis associated miR‑3646 with the Rap1 and 
TGF‑β signaling pathways, miR‑4484 with the ErbB, estrogen 
and focal adhesion signaling pathways, and miR‑4732‑5p with 
the proteoglycan signaling pathway. Notably, protein‑protein 
interaction analysis identified that numerous predicted targets 
of these miRNAs were associated with one other. In addition, 
the target genes of the miRNAs were identified to be under 
the regulation of a number of transcription factors (TFs). 
The predicted target genes of miR‑3646, ‑4484 and ‑4732‑5p 
were identified to serve a role in cancer‑associated signaling 
pathways and TF‑mRNA networks, indicating that they serve 
a role in breast carcinogenesis and progression. These results 

provide a comprehensive view of the functions and molecular 
mechanisms of miR‑3646, ‑4484 and ‑4732‑5p, and will aid in 
future studies.

Introduction

Breast cancer is one of the most common types of cancer 
diagnosed in women worldwide (1), and nipple discharge is 
one of the most common symptoms in women presenting 
with breast complaints (2). Intraductal papilloma, a benign 
tumor, is the most common cause of abnormal nipple 
discharge (3); however, ~5‑15% of cases are associated with 
a malignant lesion (4,5). There are no clear guidelines on 
what differentiates benign with malignant etiology based 
on clinical and radiographic assessments  (6), and >20% 
of patient with cancer have no obvious clinical or radio-
logical evidence of breast carcinoma (7). The use of nipple 
discharge cytology for diagnosis is currently limited due to 
its low sensitivity of 7% (8); therefore, the identification of 
novel biomarkers in nipple discharge to detect breast cancer 
at an early stage is essential for improving the treatment and 
survival of patients.

MicroRNA (miRNA/miR) is a class of non‑coding small 
RNA that can induce mRNA degradation and/or translational 
repression, through binding to the 3' untranslated region 
(UTR) of mRNAs and thereby negatively regulating the 
transcription of target genes (9). It has been demonstrated that 
miRNAs are associated with numerous essential biological 
processes, including proliferation, apoptosis, development 
and differentiation, in addition to human cancer initiation 
and progression (10,11). Previous studies have demonstrated 
that the deregulation of miRNAs in human cancer is tissue‑ 
and/or time‑specific, highlighting their potential roles as 
biomarkers  (12,13). For example, let‑7 was identified as a 
diagnostic biomarker for certain lung cancer subtypes, in 
addition to a prognostic marker for disease progression and 
response to treatment  (14‑16). Cui et al  (17) reported that 
miR‑21 and miR‑106a in gastric secretions are potential diag-
nostic biomarkers for gastric cancer. Improved understanding 
of the molecular mechanisms by which miRNAs function in 
breast cancer will be beneficial for the development of novel 
approaches for the early detection and monitoring of breast 
cancer. A previous study identified a panel of miRNAs, 
including miR‑3646, ‑4484 and ‑4732‑5p, in nipple discharge 
as potential diagnostic biomarkers for breast cancer (18). In 
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the present study, the potential functions of miR‑3646, ‑4484 
and ‑4732‑5p, and the miRNA‑associated pathways in breast 
cancer, were analyzed.

Materials and methods

Target gene prediction. The target gene prediction databases 
Targetscan (version 6.2; http://www.targetscan.org) and 
MicroRNA Target Prediction and Functional Study Database 
(miRDB; http://mirdb.org/miRDB) (19) were used to identify 
potential targets of miR‑3646, ‑4484 and ‑4732‑5p.

Enrichment analysis. A gene ontology (GO) term enrich-
ment analysis (http://www.geneontology.org)  (20) was 
performed to identify biological processes, molecular func-
tions and cellular components associated with the target 
genes of miR‑3646, miR‑4484 and miR‑4732‑5p predicted 
by Targetscan. Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis (http://www.genome.
jp/kegg)  (21) was used to identify the miRNA targets 
associated with signaling pathways in breast cancer. 
P<0.05 was considered to indicate a statistically significant 
difference. For better visualization, the top ten GO terms 
and pathways (if any) were presented. A protein‑protein 
interaction analysis using the Search Tool for the 
Retrieval of Interacting Genes (version 9.1; http://string91 
.embl.de/) database (22) was performed to test whether the 
targets were associated with each other.

Transcription factor (TF)‑mRNA network construction. The 
potential TF‑mRNA pairs were obtained from the tfbsCons-
Sites table, which contains transcription factor binding sites 
conserved in the human/mouse/rat alignment (downloaded 
from the University of California Santa Cruz genome 
browser; http://genome.ucsc.edu/cgi‑bin/hgTables). Binding 
sites located in the promoter region (from‑2,000 bp to +500 bp 
of the transcription start site) of specified coding genes and 
with Z scores >2.33 were selected for further processing. 
Subsequently, Cytoscape version 3.2.0 software (http://www.
cytoscape.org/) was used to visualize the TF‑mRNA regula-
tory network.

Results

Potential target genes of miR‑3646,‑4484 and ‑4732‑5p. The 
miRDB and Targetscan databases were used to predict the 
target genes of miR‑3646, ‑4484 and ‑4732‑5p. The numbers 
of target genes predicted by the databases for miR‑3646, 
‑4484 and ‑4732‑5p were 574, 12 and 10, respectively 
(Fig. 1A‑C). Based on the prediction databases scores and 
the literature, a number of the target genes were selected 
for further investigation (Fig. 1D). The selected target genes 
included adiponectin, C1Q and collagen domain containing 
adiponectin (ADIPOQ), A‑kinase anchoring protein  12, 
coiled‑coil domain containing (CCDC) 50, CCDC6, cyto-
plasmic polyadenylation element‑binding protein 1 (CPEB1), 
DnaJ heat shock protein family (Hsp40) member  B4 
(DNAJB4) and eukaryotic translation initiation factor 4E 
(EIF4E) for miR‑3646; amyloid precursor protein (APP), 
EIF4E, methionine‑R‑sulfoxide reductase B3, patched 2 and 

TATA‑box binding protein associated factor 4 for miR‑4484; 
and ALKBH5, ankyrin repeat domain 17, BCL2‑associated 
transcription factor 1 (BCLAF1) and protein phosphatase 1E 
for miR‑4732‑5p. Notably, EIF4E was identified as a mutual 
target of miR‑3646 and miR‑4484.

GO and KEGG enrichment analysis of the putative targets 
of miR‑3646,‑4484 and‑4732‑5p. GO term enrichment 
analysis was performed for the selected putative targets of 
miR‑3646, ‑4484 and ‑4732‑5p. The results revealed that the 
targets were significantly involved in a number of biological, 
cellular and molecular processes (P<0.05; Fig.  2). KEGG 
pathway enrichment analysis revealed that the miRNA targets 
were implicated in a number of pathways that are associated 
with carcinogenesis and tumor progression (Fig.  3). The 
miR‑3646 targets (P<0.05; Fig. 3A) were significantly impli-
cated in ubiquitin mediated proteolysis, the thyroid hormone 
signaling pathway, the γ‑aminobutyric acidergic and cholin-
ergic synapses, retrograde endocannabinoid signaling, axon 
guidance, the Ras‑related protein Rap1 signaling pathway, 
amphetamine addiction, oocyte meiosis and the transforming 
growth factor β (TGF‑β) signaling pathway. The miR‑4484 
targets (P<0.05; Fig.  3B) were significantly implicated in 
epidermal growth factor receptor (ErbB) signaling, estrogen 
signaling, chronic myeloid leukemia, bacterial invasion of 
epithelial cells, insulin signaling, chemokine signaling, endo-
cytosis, focal adhesions, the cholinergic synapse and adherens 
junction. For the miR‑4732‑5p targets (P<0.05; Fig. 3C) the 
significantly enriched pathways were proteoglycans in cancer 
and ubiquitin mediated proteolysis.

Protein‑protein interaction analysis. Protein interaction 
analysis was performed to investigate the interactions of the 
proteins translated from the mRNA targets of miR‑3646, 
‑4484 and ‑4732‑5p. The data identified a number of proteins 
that have a potential association with each other (Fig.  4), 
suggesting that the miRNA‑regulated genes may form a 
crosstalk network in modulating breast cancer development 
and progression.

TF‑mRNA regulatory network construction. Following the 
identification of TF‑mRNA pairs using the UCSC genome 
browser, a TF‑mRNA regulatory network was constructed 
(Fig. 5). The data suggested that the miRNA target genes 
are under the regulation of numerous transcription factors, 
including cyclic AMP‑dependent transcription factor 
(ATF), cyclic AMP‑responsive element‑binding protein 1 
(CREB), CCAAT/enhancer‑binding protein α (C/EBPα), 
proto‑oncogene c‑Fos (c‑Fos), transcription factor AP‑1 
(c‑Jun), myc proto‑oncogene protein (c‑Myc), transcription 
factor E2F1 (E2F), transcription factor JunB and JunD (JunB 
and JunD), cellular tumor antigen p53 (p53), transcription 
factor SP1 (SP1), signal transducer and activator of tran-
scription 3 (STAT3), and transcription factor p65 (NF‑κβ). 
For miR‑4484, ZSWIM6 was the target gene regulated 
by the majority of TFs (n=28; Fig. 5A). For miR‑4732‑5p, 
ANKRD17 was the target gene regulated by the largest 
number of TFs (n=24; Fig. 5B), and for miR‑3646, EIF4E 
was the target gene regulated by the largest number of TFs 
(n=25; Fig. 5C).
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Discussion

Nipple discharge is one of the most common complaints for 
patients with breast lesions (23). Identifying biomarkers in 
nipple discharge that would allow breast cancers and benign 
breast lesions to be distinguished, which traditional radiolog-
ical and cytological examinations cannot do, would be critical 
in improving diagnosis (24,25). The expression signatures of 
miRNAs can be informative in cancer diagnosis  (13). The 
dysregulated expression of miR‑3646, ‑4484 and ‑4732‑5p in 
the nipple discharge of patients with breast cancer compared 
with that of patients with benign breast lesions has previously 
been reported  (26), implicating miRNAs as novel tumor 
biomarkers for the diagnosis of breast cancer. In the present 
study, bioinformatics analysis was performed to explore the 
potential functions and underlying mechanisms of miR‑3646, 
‑4484 and ‑4732‑5p in breast cancer.

The results of the present study revealed that numerous 
genes associated with cell proliferation, apoptosis and 

metastasis are potential targets of miR‑3646, ‑4484 and 
‑4732‑5p. For example, DNAJB4, a predicted target of 
miR‑3646 in the present study has been reported to be down-
regulated in colorectal carcinoma and correlated with cancer 
cell metastasis, disease progression and patient survival (27). 
Simões‑Correia et al (28) demonstrated that the expression 
level of DNAJB4 was decreased in human gastric cancer 
and inhibited cancer cell invasion in  vivo. DNAJB4 has 
also been identified as a tumor suppressor in lung cancer, in 
which it inhibits cell proliferation, anchorage‑independent 
growth, tumorigenesis, cell motility and invasion (29,30). 
Another target of miR‑3646, ADIPOQ, has been associ-
ated with breast cancer risk (31) and cell invasion in breast 
cancer  (32). More recently, Chen  et  al  (33) identified 
ADIPOQ as one of the most downregulated genes in breast 
cancer in the Asian population. CPEB1, another potential 
target of mIR‑3646, is downregulated in breast, ovarian and 
gastric cancers (34‑36) and is associated with cell growth, 
senescence and migration in glioma (37,38). APP, a potential 

Figure 1. Predicted target genes for miR‑3646, ‑4484 and ‑4732‑5p. The number of the potential targets predicted by Targetscan and miRDB are illustrated for 
miR (A) ‑3646, (B) ‑4484 and (C) ‑4732‑5p. (D) Representative predicted targets of miR‑3646, ‑4484, ‑4732‑5p. The main criteria for selecting representative 
genes are based on their functions from previous cancer‑associated studies, in combination with the targets scores provided by Targetscan (cumulative weighted 
context and score) and miRDB (Target Score). miR, microRNA; miRDB, MicroRNA Target Prediction and Functional Study Database; CPEB1, cytoplasmic 
polyadenylation element‑binding protein 1; APP, amyloid precursor protein; ADIPOQ, C1Q and collagen domain containing adiponectin; DNAJB4, DnaJ heat 
shock protein family (Hsp40) member B4; CCDC, coiled‑coil domain containing; AKAP12, A‑kinase anchoring protein 12; EIF4E, eukaryotic translation 
initiation factor 4E; PTCH2, patched 2; TAF4, TATA‑box binding protein associated factor 4; MSRB3, methionine‑R‑sulfoxide reductase B3; ANKRD17, 
ankyrin repeat domain 17; PPM1E, protein phosphatase 1E; BCLAF1, BCL2‑associated transcription factor 1.
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target of miR‑4484, has been implicated in several human 
malignancies and contributes to the proliferation and migra-
tion of prostate cancer cells by modulating the expression 
of metalloproteinases and epithelial‑mesenchymal transi-
tion‑associated genes (39). The apoptosis‑associated gene 
BCLAF1 (40), a potential target of miR‑4732‑5p, has been 
associated with tumor recurrence in esophageal squamous 
cell carcinoma (41).

Notably, EIF4E was identified as a shared target of 
miR‑3646 and miR‑4484. EIF4E is deregulated in a number 
of human malignancies, including lung, bladder, colon, breast, 
prostate, cervical and ovarian cancer (42). Pettersson et al (43) 
suggested that EIF4E silencing could reduce the invasive-
ness and metastatic capability of breast cancer cells. EIF4E 
is overexpressed in invasive breast ductal carcinoma and 
is associated with the occurrence and metastasis of breast 
cancer (44). Recently, high EIF4E expression has been corre-
lated with an increased risk of systemic metastasis in patients 
with lymph node‑positive breast cancer patients (45). There 
results indicate that miR‑3646, ‑4484 and ‑4732‑5p may be 
associated with several essential cellular processes, including 
cell proliferation, apoptosis and metastasis, and serve critical 
roles in cancer initiation and progression.

In order to investigate the underlying functional mecha-
nisms of miR‑3646, ‑4484 and ‑4732‑5p KEGG pathway 
enrichment analysis was performed. As expected, the 

target genes of these miRNAs were significantly enriched 
in several cancer‑associated signaling pathways, including 
those of Rap1, TGF‑β, ErbB, estrogen, focal adhesion and 
proteoglycans. Spanjaard et al (46) demonstrated that focal 
adhesion size, sliding and intensity were regulated by the 
Rap1 signaling pathway and in turn could influence tumor 
metastasis. High Rap1 activity is correlated with poor differ-
entiation and an advanced tumor stage in serous ovarian 
cancer (47). The Rap1 signaling pathway has also been associ-
ated with breast tumor cell migration and invasion, and breast 
cancer progression (48‑51). TGF‑β signaling regulates diverse 
cellular processes, including cell proliferation, differentiation, 
apoptosis, plasticity and migration, and thus serves important 
roles in the development and progression of various kinds 
of diseases, including human cancer (52). TGF‑β serves a 
tumorigenic role, but it can also act as a tumor suppressor 
depending on the cellular context and tumor stage  (53). 
TGF‑β signaling pathways have been reported to be associ-
ated with epithelial‑mesenchymal transition, breast cancer 
stem cell maintenance and breast cancer metastasis (54,55). 
Additionally, estrogen and ErbB signaling pathways are 
associated with breast carcinogenesis, invasion and cell 
growth (56). Notably, agents co‑targeting the estrogen and 
ErbB signaling pathways have been used in the clinic and 
demonstrated a benefit for breast cancer patients (56). The 
results of the current study suggest that miR‑3646, ‑4484 and 

Figure 2. GO term enrichment analysis of predicted miR target genes associated with biological processes, cellular components and molecular functions. Top 
10 GO terms of miR‑3646 targets for (A) biological process, (B) cellular component and (C) molecular functions. Top 10 GO terms of miR‑4484 targets for 
(D) biological process, (E) cellular component and (F) molecular functions. Top 10 GO terms of miR‑4732‑5p targets for (G) biological process, (H) cellular 
component and (I) molecular functions. 1oxidoreductase activity, acting on single donors with incorporation of molecular oxygen, incorporation of two atoms 
of oxygen. 2oxidoreductase activity, acting on single donors with incorporation of molecular oxygen. miR, micro RNA; GO, gene ontology.
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Figure 3. Kyoto Encyclopedia of Gene and Genome pathway enrichment analysis for the target genes of miR‑3646, ‑4484 and ‑4732‑5p. The top 10 enriched 
pathways are shown for (A) miR‑3646 and (B) miR‑4484. (C) The two most significantly enriched pathways for miR‑4732‑5p. miR, micro RNA; GABA, 
γ aminobutyric acid; TGF‑β, transforming growth factor β; ErbB, epidermal growth factor receptor.
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‑4732‑5p serve important roles in human cancers, including 
breast cancer. However, this requires experimental validation 
and further investigation.

To the best of our knowledge, there are few previous 
studies investigating miR‑3646, ‑4484 and ‑4732‑5p. 
Rogler et al (57) reported that miR‑3646 exhibited strong 
expression in Caucasian bladder cancer cell lines and tumor 
tissues. Only one report identified a clinical significance 
of miR‑4484 in human cancer; high serum expression of 
miR‑4484 was found to predict lymph node metastasis 
in patients with early‑stage cervical squamous cell carci-
noma (58). Pouladi et al  (59) predicted a binding site for 
miR‑4732‑5p in the 5' UTR of telomerase cajal body protein 
1 mRNA. In addition, miR‑4732‑5p has been revealed to be 
closely associated with recurrence in gastric cancer patients 
treated with S‑1 adjuvant chemotherapy (60). Importantly, 
the TF‑mRNA regulatory network constructed in the present 

study revealed that the target genes of the miRNAs investi-
gated were potentially regulated by numerous transcription 
factors, which highlights the critical roles of these miRNAs 
and their targets in physiological and pathological processes. 
Given the uncharacterized roles and underlying molecular 
mechanisms of miR‑3646, ‑4484 and ‑4732‑5p in human 
cancer, additional studies are required to fully explore 
their functions. The results of the bioinformatics analysis 
performed in the present study provide a theoretical basis for 
further research.

In conclusion, the present study identified that miR‑3646, 
‑4484 and ‑4732‑5p are associated with breast cancer 
development and progression, and in particular with 
certain distinct signaling pathways within these processes. 
The target genes of miR‑3646, ‑4484 and ‑4732‑5p were 
predicted in the current study, with the findings indicating 
that miR‑3646, ‑4484 and ‑4732‑5p are associated with 

Figure 4. Protein‑protein interaction analysis performed using the Search Tool for the Retrieval of Interacting Genes database revealed that the targets of 
miR‑3646, ‑4484 and ‑4732‑5p may interact with each other. The disconnected nodules are hidden. Bold lines indicate a stronger association.
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signaling pathways important in cancer, including breast 
carcinogenesis and progression. The current study provides 
a comprehensive view of the functions and molecular 
mechanisms of miR‑3646, ‑4484 and ‑4732‑5p from a bioin-
formatics perspective, and will aid in future experimental 
studies.
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Figure 5. TF‑mRNA network construction for (A) miR‑4484, (B) miR‑4732‑5p and (C) miR‑3646. Blue circles represent TFs; and orange squares represent 
the downstream genes regulated by corresponding TFs; lines between TFs and downstream genes represent a regulatory relationship; the size of the squares 
represents the number of TFs that may regulate the corresponding gene. TF, transcription factor; miR, microRNA.
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